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The recent developments and trends airport design and construction are 
common knowledge the engineer. This paper presents the reasons for these 
trends and developments. These advances have been based desire 
follow engineering principles which are basically sound and economically wise 
planning, surveying, and structural endeavors. There still another im- 
portant factor which controls airport engineering and that the need for pro- 
viding the necessary aeronautical requirements insure the safe operation 
aircraft the vicinity the airport, turning zones areas, the approaches, 
and the airport. 


AND 


Since the adoption the Federal Airport Act 1946,? several changes 
have been made the Civil Aeronautics Administration, United States 
Department Commerce (CAA), airport nomenclature and design criteria. 
One the first major changes was dispense with the categorization air- 
ports Class and on. This classification was based the length 
the longest runway each airport. The situation was further confused 
because the CAA Class was the smallest airport, whereas Class was the 
largest airport the classification system used the military air groups. 
The revised classification system categorizes the various airports the type 
air activity service that occurs the airport. Therefore, airports are 
identified follows: 


Personal.—For light aircraft usage small community and urban areas. 
Secondary.—For larger aircraft usage, gross weight 15,000 
engaged nonscheduled flying activities. 


Nore.—Written comments are invited for publication; the last discussion should submitted 
November 1953. 

Chf. Airport Eng. Div., Office Airports, Civ. Aeronautics Administration, Dept. Commerce, 
Washington, D. C. 

Public Law 377, 79th Cong., Session, Washington, 
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serve all planes certificated feeder airlines. 

Trunk.—For the servicing intermediate communities airline trunk 

routes. 

Express.—To serve relatively large cities junction points trunk routes. 

the servicing aircraft making long nonstop domestic 
flights. 

that are terminal points for long international 
flights. 

Intercontinental Express.—Airports that serve the highest type transoce- 
flights. 


Coupled with these categories the CAA Technical Standard Order (TSO) 
N-6a, which indicates the maximum extent runways, taxiways, and landing 
strips for which the government will afford federal aid. Also listed TSO 
N-6a are the correction formulas runway length which must made for 
airport elevations, temperature, and runway gradient. many cases shorter 
lengths will satisfactory for the type service encountered. The issuance 
TSO N-6a was necessary eliminating confusion the dimensional sizing 
runways applied airport developments various locations and areas. 
was only after extensive coordination with the entire aviation industry had 
been achieved that TSO N-6a was issued. 


CONFIGURATION 


Airport configuration—as related the number and orientation runways, 
taxiways, lead-off taxiways, warm-up aprons, parking aprons, and terminal 
areas—is very vital item considered the development airports and, 
more particularly, the development master plan layouts. Too much 
emphasis cannot placed the need for careful, detailed, and prolonged 
studies for the master plan. review airport configurations indicates that, 
whereas certain airports are sound and very usable the standards engi- 
neering and aeronautics, many them not have maximum efficiency. 
emphasize the need for good airport configuration, the CAA issued policy 
governing the number runways established airport projects receiving 
federal aid. The basic aim this policy construct, existing and pro- 
posed airports, traffic bearing runways which will provide maximum degree 
utilization. This policy commonly known the policy. 
Actually, this misnomer because the policy does not curtail airport 
one bi-directional runway, but does emphasize that not more than one runway 
should constructed site unless traffic warrants the development two 
more runways. The traffic capacity single runway has been established 
operations per peak-hour per runway, whether the operations are landings, 
take-offs, combination landings and take-offs. determined that 
there need for multiple runways airport, the most efficient orientation 
pattern would parallel arrangement with separation least 3,000 
and preferably 4,000 ft. The reason for such separation provide maxi- 
mum the operation aircraft under all weather conditions, during 
both landings and take-offs. weather, landings and take-offs can 
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conducted with the aid radar facilities and other electronic devices which 
are essential speeded-up instrument operations. Any deviation from the 
ideal configuration will decrease the efficiency capacity the runways. 

Modified configurations consisting nonintersecting divergent runways 
separated least 700 the apex area and diverging angle 
least 15° can approach the ideal under some operational conditions. However, 
intersecting runway patterns afford poor efficiency because they provide only 
slight increase capacity over single runway and, therefore, should 
avoided. 

certain instances the land area will restrict developments and can reduce 
operational efficiency, but the goal should adapt that system which pro- 
vides maximum efficiency under the existing conditions. Once the runway lay- 
out established, careful consideration must given the configuration and 
location taxiways (especially lead-off taxiways) and the size and location 
run-up aprons runway ends provide for rapid clearance aircraft from 
the runways. preliminary study lead-off taxiway and run-up apron con- 
figurations was conducted from 1949 1951. 

make this study, certain airports throughout the United States were 
selected the basis the existing configuration and traffic density, which 
provided the desired variations local conditions and traffic. Various aspects 
were explored determine the effect factors the landings with respect 
touchdown, turnoff, and time the runway. These studies revealed that— 


Data night day landings were essentially the same. 

Data for instrument visual landings showed notable difference. 

Landing roll, many instances, was influenced the intended desti- 
nation the airport. 

The available length runway had apparent effect the point 
touchdown landing roll distance. 

The length the landing roll was approximately inversely proportional 
the touchdown distance. 

Angular lead-off taxiways reduce the operating time aircraft the 
runway opposed the use right-angle turnoffs. Angularity between 30° 
and 60° does not reflect any difference time the runway. 


Less than the aircraft made the touchdown within 100 the threshold, 
but 93% the aircraft “touched within distance 1,500 ft. Table 
shows the average turnoff distances from the threshold for various aircraft. 
was found that relatively few aircraft turn off the runway less than 2,000 
from the threshold and that practically all aircraft complete the landing roll 
before reaching point 5,000 from the threshold, except cases excessive 
overshooting. The optimum locations lead-off taxiways have been deter- 
mined 2,500 ft, 3,500 ft, and 4,500 from the threshold. These locations 
are somewhat flexible and should adjusted fit the runway length, with the 
realization that exits located less than 2,000 ft, more than 5,000 ft, from the 
threshold are little value. 

review run-up apron data revealed that, during off-peak periods 
traffic, the average run-up time was generally proportion the size the 
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airport. The data also show that the average run-up the 
traffic increased and that, periods peak traffic, run-up time was about 
equal for all types aircraft. The size the run-up apron required each 
location will depend principally the rate peak traffic particular run- 
way. For peak traffic runway serving both landings and take-offs, 
average run-up time min, compared with min for runways serving 
take-offs only, should used basis for determining the run-up apron size. 

Table guide for the design apron lengths. The apron should not 
designed accommodate less than two large airplanes nor more than five 
large airplanes. desirable locate the run-up aprons position 
close possible the intersection the runway and the taxiway and still 
fulfil safe clearance requirements. 

Another vital factor consider the over-all configuration the airport 
whether the proposed arrangement lends itself readily the fulfilment 
the criteria for determining obstructions air navigation with particular refer- 


TABLE 2.—Tue 
TABLE FROM OPERATING CONDITIONS 
THRESHOLD TURNOFF APRON LENGTHS 


DISTANCE, IN FEET Rate of Apron 

Airplane type Runway system take-off length, 
per hour feet 

Minimum Average 


Single engine 
DC-3 


Convair 240 landings 


Martin 202 

Take-offs 
Constellation 800 only 
Boeing 377 

All aircraft 


ence turning zones and approach areas they affect instrument and visual 
operations. The latter criteria are all contained CAA TSO N-18. The 
drawing contained this order, frequently referred Drawing No. 814, 
depicts the various phases imaginary surfaces and limiting heights above 
ground for all types airports. The intricacy the arrangement the draw- 
ing has precipitated adverse comments the difficulty with which can 
applied and interpreted. The fact that all airports all categories are described 
the one drawing may give rise such comments. However, when the 
requirements the drawing are applied individual airport, will 
found that many the apparent mathematical and developmental intricacies 
resolve themselves into relatively easy problems. simple visual concept 
TSO that ordinary kitchen pie plate. not anticipated that 
each requirement may met every instance. However, careful thought 
should given its application order minimize intricate landing procedures 
with particular reference those necessary for instrument operations. 

When developing master plan layouts, important provide areas for 
the location all electronic aids necessary for the navigation aircraft, 
whether these aids within without the confines the airport boundaries. 
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Much interest has been expressed and great deal curiosity aroused 
the effects the operation jet aircraft runway, taxiway, and apron 
layouts airport. regarding special requirements result 
jet transport operations are necessarily vague since the operation jet 
transports has been extremely limited, but may assumed that any 
changes from existing requirements will minor nature. Until definite 
information the effect jet aircraft runways becomes available, the CAA 
does not plan introduce any changes airport design standards. this 
connection, however, studies leading the improvement standards will 
made and are being given special consideration. 


PAVEMENT DESIGN 


the early days airport development was felt that highway pavement 
design methods would suffice for aircraft loadings. This was reasonable 
assumption for the type aircraft use the time. However, airport 
experience broadened, standards were revised allow for the specialized 
requirements airport pavements. Standards were also revised provide 
for the greater strength needed support the ever-increasing loads superim- 
posed the pavements new developments aircraft design. These revi- 
sions have been made from studies experimental investigations, accelerated 
traffic tests, and pavement performance under service conditions. 

Design based performance generally rule-of-thumb. The users the 
methods mentioned not claim them the final answer, but the fact 
remains that they are the most reliable available the present time. Satis- 
factory methods for determining pavement thickness requirements, the basis 
stress analysis within the pavement and the supporting subgrade, have 
not been developed. Even the Westergaard method, which has been widely 
accepted the field rigid pavement design, must modified accordance 
with the behavior pavements service. 

Studies pavement performance have yielded information regarding the 
relative importance static, dynamic, and impact loads. The studies have 
also furnished information the pavement areas that are most from 
the standpoint aircraft use, well data the relationship between the 
stability the soil, the magnitude the applied loads, and the pavement 
thickness. 

Each governmental agency charged with the development design stand- 
ards has prepared procedures followed the engineers that particular 
group. Although these methods differ details, they are basically similar 
far soils are classified indexed according certain physicai properties deter- 
mined specified laboratory field tests. From observed behavior and 
knowledge climatic variables the site, pavement thickness requirements 
are estimated. general, the determination made from series curves 
which gives the relationship between pavement thickness, wheel loading, and 
subgrade soil. The validity these design curves are being checked con- 
tinuously against pavement performance, and adjustments are made the 
curves are found error. The reliability the design depends the 
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proper interpretation test results and good judgment predicting the 
behavior the soils under the moisture and climatic conditions encountered. 

There are obvious drawbacks design procedure which depends almost 
entirely few soil tests and great deal experience. would more 
logical were possible determine accurately the bearing power subgrade 
soil and then analyze the pavement requirements the basis distri- 
bution stresses the pavement and the soil. However, because the 
changes stability given subgrade soil produced variations moisture, 
climate, and the arrangement the soil layers, method determining 
definite absolute value bearing strength remains decided. This lack 
reliable value for the bearing strength the most serious obstacle the 
development the analytical methods design. Until the bearing strength 
the subgrade can determined and controlled, will necessary 
continue using the existing methods estimating this strength the basis 
observed pavement behavior correlated with subgrade conditions. 1952 
these methods are satisfactory guide pavement design, has been proved 
the performance pavements constructed accordance with these design 
criteria. 

The development acceptable analytical methods progressing result 
extensive investigations conducted the CAA; the Bureau Public Roads, 
United States Department Commerce; the Corps Engineers, United States 
Department the Army; and the Bureau Yards and Docks, United States 
Department the Navy. These investigations are producing accurate infor- 
mation the distribution stresses subgrade soils under loads applied 
the surface and the ways and means controlling the moisture and volume 
changes that occur soils, provide support more permanent and 
uniform nature. 

Operation jet aircraft has raised many questions concerning the perform- 
ance airport pavements subjected fuel spillage and high exhaust tempera- 
tures. believed that spillage not serious problem. the 
effect the jet blast significant. Observations made fields where jet 
aircraft operations are sufficient magnitude furnish performance 
data disclose that the areas seriously affected are small extent and are 
confined locations where sustained run-up periods occur, thus subjecting the 
pavement sustained blasts. damage has been observed long the 
jet aircraft motion. 

The effect the blast the pavement will depend the design the 
aircraft with respect the velocity the blast and the angle the exhaust. 
the direction blast approaches the horizontal, the less important the blast 
becomes, far pavements are concerned. Because this, observations 
transport types jet aircraft indicate that there detrimental effect 


the airport pavement. 


TERMINAL BUILDINGS AND AREA 


the development terminal areas and buildings, the goal determine 
facility sizing and layout criteria and develop basic site planning and layout 
considerations for the entire building area. successful and acceptable, 
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such criteria should not force architectural design formula, nor should the 
criteria lean toward “stereotyped” plans. There attempt 
encroach the designers’ prerogatives relating freedom architectural 
design and treatment. 

Analyses passenger and visitor activities large number airports 
varying passenger volume revealed fairly consistent pattern relationships 
between total annual passengers and the number passengers that would have 
accommodated during typical peak hour. addition the passenger 
activity patterns, significant data were the number visitors and 
patrons the concessions. Therefore, the peak-hour passenger the common 
denominator determining the area requirements for airline, public, and con- 
cessionaire space needs. Along with this information, passenger volume fore- 
casting methods allow extrapolation data order that terminal buildings may 
sized accommodate passenger volumes ten years advance the construc- 
tion the facility. This extrapolation results initial oversizing the build- 
ing, but allows for increase passenger volume without requiring additions 
the structure for extended period. Consistent functional relationships 
exist between the various spaces and activities terminal building for the 
processing passengers and accommodation the visitors. These rela- 
tionships have been distorted that confusion and delays befell the 
public, operational inefficiencies developed for the airlines, and financial losses 
were incurred the concessionaires and airport owners. The new approach 
this situation the development schematic space relationship diagrams 
and flow diagrams which show graphically the accepted relationships between 
the functions and spaces terminal building. These diagrams not restrict 
the freedom the designer the development individualized scheme. 
However, the schemes have done much toward making industry agree the 
basic principles terminal building operation, and great strides have been 
taken toward this goal. 

The matter site planning and development has been treated much the 
same manner have been the space relationships—through the development 
area use diagrams which schematically depict accepted relationships the 
various operational areas airport. again, predesign has been pur- 
posely avoided, and the functional disposition the required activities and 
their relationships surrounding areas and associated activities have been 
indicated. 

There has been attempt bring out the and leave the 
the designer. Economic practicability, amortization potentialities, and func- 
tional efficiency should the prime considerations allocating space. How- 
ever, expansibility and flexibility are the prime considerations the design 
and construction airport terminal buildings. 


LIGHTING 


Great strides have been made improving airport lighting facilities since 
1946. The most important improvement has been the elevated runway and 
taxiway lights and their subsequent use replacements for the semiflush-type 
lights. 
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The semiflush lights presented many problems which are relatively insolv- 
able. For example, almost impossible keep the system operative 
because most the unit below ground. This condition made extremely 
difficult keep the system dry, and, consequently, many shorting outs occurred. 
Another difficulty the system that bare current-carrying parts the unit 
are below ground, making electrical maintenance never-ending job. The 
optical system was such character that the light beams were literally “bent 
around corner” allow for pilot observation. because the low 
height the unit, the light beams were readily obscured dirt, snow even 
4-in. growth grass. 

With the elevated type light, from in. in. above ground, any 
current-carrying parts the unit below ground are sealed into watertight 
housings. sealing eliminates all the shorting out encountered with semi- 
flush lights. With the same wattage lamp, the efficiency the optical system 
five times greater. 

There appear two solutions which offer good possibilities for the pro- 
tection underground cable from lightning strikes. The first install 
counterpoise system, consisting bare copper conductor installed the 
same trench with the underground cables and about in. above the cables. 
This bare copper circuit then connected ground rod several points 
around the airport that any lighting surges the vicinity the airport will 
carried away from the underground lighting cables and off good estab- 
lished ground. The second solution quite similar the first, except that the 
underground cables are manufactured with shielding metallic tape. This 
metallic tape completely encircles the underground cable and protects the 
same manner the counterpoise system. Those airports that have installed 
cable with metallic shielding tape have had some encouraging results. 

One the greatest sources trouble airport lighting system has been 
the inability obtain good splices during construction. overcome 
situation, rubber-covered insulating transformers have been developed with 
leads that have special rubber-covered connectors for underground circuits. 
However, because the rubber covering moulded directly the transformer 
windings, the potential for moisture entering the equipment eliminated. 

Because efficient lighting equipment important visual aid pilots 
the approaches well the ground, there constant search for 
improvement the over-all picture. 


apparent that aviation important and expanding industry. Con- 
sequently, engineers cannot remain stagnant with outdated criteria for the 
development aircraft facilities, but must seek improved standards and 


designs. Engineers who are, will be, concerned with airport development, 
therefore, must keep abreast the advances design suggestions and standards. 
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